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Background A common notion is that more complex techniques for treating
trapeziometacarpal arthritis such as ligament reconstruction and tendon interposition
(LRTI) better preserve the scaphometacarpal (SMC) space compared to a simple
trapeziectomy and that this leads to superior functional outcomes.

Purpose The purpose of this systematic review is to evaluate the relationship
between scaphometacarpal space and objective outcomes such as grip and pinch
strength as well as subjective patient-reported outcomes.

Methods A systematic review of the literature was conducted according to PRISMA
guidelines. Inclusion criteria were studies reporting SMC space and outcomes after
surgery for carpometacarpal arthritis. The primary outcomes of these studies included
any measure of postoperative scaphometacarpal space (trapezial height/trapezial
index) as well as key pinch strength, grip strength, or lateral pinch strength. Studies
that did not assess for association between SMC space and outcomes were excluded.
Results Fourteen studies were included in this systematic review. Three (21.4%)
studies found a statistically significant correlation between postoperative SMC space
and postoperative pinch or grip strength. The correlation was weakly positive in one
study (key pinch vs. scaphometacarpal space, r = 0.13), positive but unlisted in
another (lateral pinch vs. trapezial ratio), and negative in the third study (key pinch
vs. trapezial space ratio, r = —0.47).

Conclusion Preservation of the SMC space postoperatively is not associated with
postoperative outcomes. Further research is necessary to better characterize the
importance of maintaining the SMC space in patients undergoing LRTI in order to
substantiate claims by proponents of the procedure.

A major breakthrough in the surgical treatment of carpome-
tacarpal (CMC) osteoarthritis (OA) was made when Gervis
published his results with trapeziectomy in 1949, a proce-
dure in which the arthritic trapezium is removed.' Sympto-
matic relief was experienced by patients, but complaints of
weakness and instability prompted others to propose a series
of modifications to the original procedure.? This weakness
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after trapeziectomy has been attributed in part to collapse of
the scaphometacarpal (SMC) space, the void left between the
scaphoid and metacarpal after the trapezium is removed.>
Many subsequent variations of trapeziectomy have
attempted to confront the preservation of the SMC space.
One of these novel methods of treating CMC OA, trapeziect-
omy with ligament reconstruction and tendon interposition
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(LRTI), was proposed by Pellegrini and Burton in 1986.% Over
the subsequent decades, this procedure has trumped simple
trapeziectomy as the most commonly performed surgical
treatment for thumb CMC OA.> Despite its fervent adoption
by hand surgeons in the clinical setting, many studies have
failed to show any benefit of trapeziectomy with LRTI over
other forms of trapeziectomy in improving postoperative
pinch or grip strength.®” A recent Cochrane Review supported
these findings.®

Central to hand surgeons’ adoption of LRTI is the notion
that the procedure better preserves the SMC space than
alternative forms of trapeziectomy, and in doing so, produces
superior functional outcomes.’"'3 Both of these assumptions
remain controversial in the literature.®'* The purpose of this
systematic review is to evaluate the relationship between
scaphometacarpal space and objective outcomes such as grip
and pinch strength as well as subjective patient-reported
outcomes. This review considered all possible variations of
trapeziectomy but focuses upon LRTI because of its preva-
lence as a therapy for thumb CMC OA and its use of tendon
interposition. In doing so, we aim to reconcile the disparity
between clinical practice and evidence-based study on the
utility of the SMC space.

Methods

A systematic review was conducted using Pubmed, Embase,
Ovid, and Web of Science. Initial title and abstract screening
and secondary full text screening was conducted by two
blinded reviewers. All disagreements were resolved through
discussion.

Eligibility criteria for inclusion were peer-reviewed pub-
lications that reported any measure of scaphometacarpal
space (trapezial height and/or trapezial index) and post-
operative outcomes including at least key pinch strength,
grip strength, and/or lateral pinch strength. Subjective out-
comes such as Disabilities of the Arm, Shoulder, and Hand
(DASH) scores and pain visual analog scale (VAS) for pain
were also assessed from included studies. Studies that did
not conduct analysis on the association between SMC space
and postoperative outcomes were excluded. No limitations
were placed upon year of publication for inclusion into this
systematic review. English and non-English language articles
were considered. Articles on trapeziectomy (T), partial tra-
peziectomy (PT), trapeziectomy with ligament reconstruc-
tion (LR), trapeziectomy with hematoma distraction
arthroplasty (HDA), trapeziectomy with interposition
arthroplasty (IA), trapeziectomy with ligament reconstruc-
tion and tendon interposition (LRTI), and trapeziectomy with
suture button suspensionplasty (SBS) were included. Pub-
lications reporting outcomes related to prosthetic arthro-
plasty were excluded.

A combination of the following terms were searched:
“scaphometacarpal space,” “metacarpal subsidence,” “meta-
carpal settling,” “trapezial height,” “trapezial space ratio,”
“trapezial ratio,” “trapezial index,” and “trapezial space.”
Both absolute and normalized measures of scaphometacar-
pal space were acceptable for the purposes of this analysis.
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Because absolute SMC space (distance from the scaphoid to
the first metacarpal) and trapezial space ratio (SMC space
normalized by length of the first metacarpal) represent
measures of SMC space, we will refer to both as SMC space
in this systematic review.

Results

There were 601 results obtained from our search. Removal of
duplicates resulted in 420 studies remaining. After title and
abstract screening, there were 163 full-length publications
reviewed by two independent reviewers. These two
reviewers agreed upon the inclusion of 14 studies that
analyzed the correlation between the scaphometacarpal
space and postoperative strength outcomes.'®"2° A summary
of our systematic review process can be found in ~Fig. 1.

There were nine retrospective studies and five prospec-
tive studies included in this analysis. Eight of the studies
calculated scaphometacarpal space, five calculated trapezial
ratio alone, and one study calculated both.

Of these 14 studies, 3 (21.4%) found a statistically sig-
nificant correlation between postoperative SMC space and
postoperative pinch or grip strength. The correlation was
weakly positive in one study (key pinch force vs. scaphome-
tacarpal space, r = 0.13),2> positive but unlisted in another
(lateral pinch vs. trapezial ratio),? and negative in the third
study (key pinch vs. trapezial space ratio, r = —0.47).2% All
other studies included in this systematic review found no
statically significant correlation between SMC space and

Records identified through
database searching
(n=1601)

v

Records after duplicates removed
(n=420)
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Records excluded
(n=257)

Records screened -
(n=420) o
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Full-text articles
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(n=163)

v

Studies included in
qualitative synthesis
(n=14)

Fig. 1 PRISMA Flow Diagram of literature search, duplicate removal,
title and abstract screening, full-text screening, and final studies
included in systematic review.
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postoperative pinch or grip strength. These results can be
found in ~Table 1.

Ten of the 14 studies analyzed the correlation between
SMC space and subjective outcomes. Subjective outcomes
included pain and function VAS as well as DASH scores. All 10
studies found no correlation between the SMC space and
patient-reported measures. These results can be found
in =Table 2.

Discussion

When part or all of the trapezium is removed, surgeons have
a choice regarding the remaining SMC space: fill it with
interposition arthroplasty (IA, LRTI) or allow it to be filled by
the body’s natural response to injury (T, HDA, LR, and SBS).
The evidence on how well each of these approaches main-
tains the SMC space is unclear, but importantly, more
invasive interventions appear to yield no additional returns
in objective measures of postoperative strength.® Despite the
lack of evidence supporting LRTI, the preference of surgeons
in the United States is very clear, with the procedure being
completed 93% of the time in a recent study analyzing a
national Medicare database.” The high utilization of LRTI may
be related to the misconception that increased SMC space is a
predictor of superior functional outcomes.®™'3

The authors of this article endorse that maintenance of the
SMC space is important to prevent abutment between the first
metacarpal base and scaphoid, a dreaded postoperative com-
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plication.’? However, the literature confirms the degree to
which the space is maintained after surgery does not directly
translate into any return in objective and subjective functional
outcomes.'>19:21:23.24.26-29 aAqditionally, with most treat-
ments for CMC OA being deadlocked in producing clinical
outcomes, LRTI appears to be longer, costlier, and riskier for
patients undergoing surgery with no apparent benefit.>8 Thus,
we echo the sentiments of Yuan et al that less invasive and
more cost-effective forms of trapeziectomy such as simple
trapeziectomy deserve greater utilization.?

The authors of this systematic review did not conduct a
meta-analysis because of the limited reported data existent
in the literature. Studies that found no significant association
between postoperative scaphometacarpal space and height
did not report the results of their statistical analysis. These
studies formed the majority of our systematic review. Of the
few studies that did report statistically significant correla-
tions, two of the three found a positive association between
SMC space and outcomes. Conducting a meta-analysis with
these data would not be representative of the literature as a
whole. Another limitation of this systematic review was that
most studies that analyzed the association between SMC
space and outcomes were retrospective in nature and may
have also been statistically underpowered to detect any
meaningful relationship between the two parameters.
Although there was no additional analysis conducted on
the studies included, our study represents an exhaustive
exploration and consolidation of existing knowledge on the

Table 1 A summary of sources included in this systematic review

Author Year Study Design SMC Procedure Thumbs Follow-up Correlation
Dell 1987 Retrospective Space 1A 28 2.5 No

Lins 1996 Retrospective Ratio LRTI 30 113 No

Atroshi 1997 Prospective Space IA 17 39 No

Yang 1998 Retrospective Ratio LRTI 15 32 No

Belcher 2000 Prospective Space T/LRTI 43 14 No
Downing?® 2001 Prospective Space + ratio T/IA/LRTI 26/23/24 12 r= —0.47°
Mureau 2001 Retrospective Ratio IA 24 72 No

Budoff? 2002 Retrospective Space LR 29 61 Unlisted®
Nusem 2003 Retrospective Ratio IA 35 60 No

Kuhns 2003 Prospective Space HDA 26 24 No

De Smet? 2004 Prospective Space T/LRTI 22/34 34/26 r=0.13¢
Mo 2004 Retrospective Ratio T/LRTI 14 20 No

Demir 2005 Retrospective Space LR 79 35 No
Sandvall 2010 Retrospective Space LRTI/HDA 11/9 29/22 No

Abbreviations: HDA, hematoma distraction arthroplasty; IA, interposition arthroplasty; LR, ligament repair; LRTI, ligament repair tendon
interposition; PT, partial trapeziectomy; SMC, scaphometacarpal; T, trapeziectomy.

Note: First author, year of publication, study design (retrospective or prospective), methodology of reporting height of scaphometacarpal (SMC)
space (SMC space, trapezial ratio, or both), study design (retrospective or prospective), procedure type (studies analyzing multiple procedures have
data specific to each procedure separated by a slash), number of thumbs, follow-up (months), and correlation between strength and space with

statistically significant correlations listed.

?Stastically significant correlation between strength and space determined.

bKey pinch vs. trapezial space ratio.
“Tip pinch vs. scaphometacarpal space in LR group.
dKey pinch vs. Scaphometacarpal space.
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Table 2 This table explores the reported correlation between SMC space and subjective outcomes (patient-reported pain, hand
functionality)

Author Patients Subjective outcome Correlation: outcome vs. SMC space
Dell PC 26 Pain Relief No
Lins 27 Patient satisfaction, symptom survey No
Atroshi | 17 Pain VAS No
Yang SS 13 Patient satisfaction No
Belcher 36 ADL score, function VAS, pain VAS No
Downing 67 -
Mureau 26 Pain VAS, weakness VAS No
Budoff 26 Functional performance, pain survey No
Nusem 30 -
Kuhns 26 AIMS2 Health Status Questionnaire No
De Smet 56 -
Mo 14 DASH score No
Demir 49 Patient satisfaction, DASH score No
Sandvall 20 QuickDASH, pain VAS No

Abbreviation: SMC, scaphometacarpal.
Note: Subjective outcome measures included visual analog scales (VAS) for pain and function; Arthritis Impact Measurement Scales (AIMS); 2 Health
Status Questionnaire, and Disabilities of the Arm, Shoulder, and Hand (DASH) score. “No” means there was no statistically significant correlation
found, while a dashed line means the study did not complete analysis to assess the correlation of SMC space and subjective outcomes.

relationship between the SMC space and postoperative
strength.

This systematic review suggests that greater maintenance

of SMC space may not be associated with superior post-
operative outcomes. We conclude that attempts to preserve
the SMC space in the surgical management of CMC OA
deserve further scrutiny.

Note
This study does not contain any studies with human
participants performed by any of the authors.

Conflict of Interest
None declared.

References:

1

N

w

Gervis WH. Excision of the trapezium for osteoarthritis of the
trapezio-metacarpal joint. | Bone Joint Surg Br 1949;31B(04):
537-539

Gervis WH, Wells T. A review of excision of the trapezium for
osteoarthritis of the trapezio-metacarpal joint after twenty-five
years. | Bone Joint Surg Br 1973;55(01):56-57

Corain M, Zampieri N, Mugnai R, Adani R. Interposition arthro-
plasty versus hematoma and distraction for the treatment of
osteoarthritis of the trapeziometacarpal joint. ] Hand Surg Asian
Pac Vol 2016;21(01):85-91

4 Burton RI, Pellegrini VD Jr. Surgical management of basal joint

(%]

arthritis of the thumb. Part II. Ligament reconstruction with tendon
interposition arthroplasty. ] Hand Surg Am 1986;11(03):324-332
Yuan F, Aliu O, Chung KC, Mahmoudi E. Evidence-based practice in
the surgical treatment of thumb carpometacarpal joint arthritis.
J Hand Surg Am 2017;42(02):104-112.el

Journal of Wrist Surgery  Vol. 9 No. 3/2020

6

~

oo

o

10

11

12

13

14

15

Field ], Buchanan D. To suspend or not to suspend: a randomised
single blind trial of simple trapeziectomy versus trapeziectomy
and flexor carpi radialis suspension. ] Hand Surg Eur Vol 2007;32
(04):462-466

Vermeulen GM, Slijper H, Feitz R, Hovius SE, Moojen TM, Selles
RW. Surgical management of primary thumb carpometacarpal
osteoarthritis: a systematic review. ] Hand Surg Am 2011;36(01):
157-169

Wajon A, Vinycomb T, Carr E, Edmunds [, Ada L. Surgery for thumb
(trapeziometacarpal joint) osteoarthritis. Cochrane Database Syst
Rev 2015;(02):CD004631

Garcia-Mas R, Solé Molins X. Partial trapeziectomy with ligament
reconstruction—tendon interposition in thumb carpo-metacarpal
osteoarthritis. A study of 112 cases. Chir Main 2009;28(04):230-238
Badia A, Sambandam SN. Total joint arthroplasty in the treatment
of advanced stages of thumb carpometacarpal joint osteoarthritis.
] Hand Surg Am 2006;31(10):1605-1614

Rocchi L, Merolli A, Cotroneo C, Morini A, Brunelli F, Catalano F.
Abductor pollicis longus hemitendon looping around the first
intermetacarpal ligament as interposition following trapeziect-
omy: a one-year follow-up study. Orthop Traumatol Surg Res
2011;97(07):726-733

Tropet Y, Gallinet D, Lepage D, Gasse N, Obert L. Treatment of
trapeziometacarpal osteoarthritis by partial trapeziectomy and
costal cartilage autograft. A review of 100 cases. Chir Main 2012;
31(03):145-151

Cockcroft AC, Markelov AM. Trapeziectomy with interpositional
arthroplasty using acellular dermal matrix: description of tech-
nique and early outcomes. Plast Reconstr Surg Glob Open 2018;6
(05):e1763

Haase SC, Chung KC. An evidence-based approach to treating
thumb carpometacarpal joint arthritis. Plast Reconstr Surg 2011;
127(02):918-925

Dell PC, Muniz RB. Interposition arthroplasty of the trapeziometa-
carpaljoint for osteoarthritis. Clin Orthop Relat Res 1987;(220):27-34

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



17

18

20

21

22

23

Lins RE, Gelberman RH, McKeown L, Katz]N, Kadiyala RK. Basal joint
arthritis: trapeziectomy with ligament reconstruction and tendon
interposition arthroplasty. ] Hand Surg Am 1996;21(02):202-209
Atroshi I, Axelsson G. Extensor carpi radialis longus tendon
arthroplasty in the treatment of primary trapeziometacarpal
arthrosis. ] Hand Surg Am 1997;22(03):419-427

Yang SS, Weiland AJ. First metacarpal subsidence during pinch after
ligament reconstruction and tendon interposition basal joint
arthroplasty of the thumb. ] Hand Surg Am 1998;23(05):879-883
Belcher H]J, Nicholl JE. A comparison of trapeziectomy with and
without ligament reconstruction and tendon interposition.
J Hand Surg [Br] 2000;25(04):350-356

Downing ND, Davis TRC. Trapezial space height after trapeziect-
omy: mechanism of formation and benefits. ] Hand Surg Am
2001;26(05):862-868

Mureau MAM, Rademaker RP, Verhaar JA, Hovius SE. Tendon
interposition arthroplasty versus arthrodesis for the treatment
of trapeziometacarpal arthritis: a retrospective comparative fol-
low-up study. ] Hand Surg Am 2001;26(05):869-876

Budoff JE, Gordon L. Long-term results of tendon shortening
trapeziometacarpal arthroplasty. Clin Orthop Relat Res 2002;
(405):199-206

Nusem I, Goodwin DR. Excision of the trapezium and inter-
position arthroplasty with gelfoam for the treatment of trape-

Scaphometacarpal Space and Outcomes

24

25

26

27

28

29

Rezzadeh et al.

ziometacarpal osteoarthritis. ] Hand Surg [Br] 2003;28(03):
242-245

Kuhns CA, Emerson ET, Meals RA. Hematoma and distraction
arthroplasty for thumb basal joint osteoarthritis: a prospective,
single-surgeon study including outcomes measures. ] Hand Surg
Am 2003;28(03):381-389

De Smet L, Sioen W, Spaepen D, van Ransbeeck H. Treatment of
basal joint arthritis of the thumb: trapeziectomy with or without
tendon interposition/ligament reconstruction. Hand Surg 2004;9
(01):5-9

Mo JH, Gelberman RH. Ligament reconstruction with trapezium
retention arthroplasty for carpometacarpal arthritis. ] Hand Surg
Am 2004;29(02):240-246

Demir E, Wittemann M, Germann G, Sauerbier M. Treatment of
idiopathic postmenopausal osteoarthrosis of the trapeziometa-
carpal joint with the Epping resection arthroplasty technique.
Ann Plast Surg 2005;54(02):147-152

Sandvall BK, Cameron TE, Netscher DT, Epstein M], Staines KG,
Petersen NJ. Basal joint osteoarthritis of the thumb: ligament
reconstruction and tendon interposition versus hematoma dis-
traction arthroplasty. ] Hand Surg Am 2010;35(12):1968-1975
Greenberg JA, Mosher JF Jr, Fatti JF. X-ray changes after expanded
polytetrafluoroethylene (Gore-Tex) interpositional arthroplasty.
] Hand Surg Am 1997;22(04):658-663

Journal of Wrist Surgery  Vol. 9 No. 3/2020

267

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



